T , a Gram-stain-negative, non-spore-forming, rod-shaped, non-motile bacterium was isolated from a hexachlorocyclohexane (HCH) dumpsite, Lucknow, India. 16S rRNA gene sequence analysis revealed that strain RK1
(MK-7) and homospermidine, respectively. The main polar lipids were phosphatidylethanolamine and sphingolipid. The G+C content of the DNA was 44.5 mol%. The results of physiological and biochemical tests and 16S rRNA sequence analysis clearly demonstrated that strain RK1 T represents a novel species of the genus Parapedobacter, for which the name Parapedobacter indicus sp. nov. is proposed. The type strain is RK1 T (5DSM 28470 T 5MCC 2546 T ).
The genus Parapedobacter, introduced by Kim et al. (2007) , belongs to the family Sphingobacteriaceae (Steyn et al., 1998) . The type strains of species of the genus Parapedobacter are Gram-stain-negative, aerobic, non-spore-forming, rodshaped bacteria and have a non-motile phenotype. Characteristic features of the members of the family Sphingobacteriaceae are the possession of sphingolipids, the presence of a menaquinone (MK-7) system, homospermidine as a major polyamine, a relatively low DNA G+C content (37-44 mol%) and positive oxidase as well as catalase activity. However, the genus Parapedobacter is phylogenetically distinct from the genera Sphingobacterium (Yabuuchi et al., 1983) , Pedobacter (Steyn et al., 1998) and Olivibacter (Ntougias et al., 2007) . At the time of writing, there were five species within the genus Parapedobacter with validly published names: Parapedobacter koreensis (Kim et al., 2007) , Parapedobacter soli (Kim et al., 2008) , Parapedobacter luteus (Kim et al., 2010) , Parapedobacter composti (Kim et al., 2010) and Parapedobacter pyrenivorans (Zhao et al., 2013) .
In continuation of our study to analyse microbial diversity of dumpsite soil contaminated with hexachlorocyclohexane (HCH), situated at Ummari village, Lucknow, by using culture-dependent (Kumar et al., 2008; Dadhwal et al., 2009; Kumari et al., 2009; Singh & Lal, 2009; Bala et al., 2010; Sharma et al., 2010; Garg et al., 2012; Dwivedi et al., 2013; Singh et al., 2013 Singh et al., , 2014 and culture-independent approaches (Sangwan et al., 2012 (Sangwan et al., , 2014 , soil samples were collected, serially diluted and plated on nystatinand streptomycin-amended Luria-Bertani (LB) agar plates (Vanbroekhoven et al., 2004) . A yellow colony designated strain RK1 T that appeared within 48 h of incubation at 28 uC was picked and purified by repeated streaking on LB agar. A polyphasic approach (Prakash et al., 2007) was adopted for taxonomic classification of strain RK1 T . After analysing the phylogenetic position based on 16S rRNA gene sequences, followed by determination of chemotaxonomic and phenotypic properties, it was observed that strain RK1
T represents a novel species of the genus Parapedobacter.
The 16S rRNA gene of strain RK1
T was sequenced using an ABI 3700/373061 sequencer (Applied Biosystems) at the Department of Plant and Molecular Biology, University of Delhi, South Campus, New Delhi, India. The sequence obtained was assembled manually using Sequencing Analysis version 5.1.1 (Applied Biosystems) and Clone Manager software, version 5. A continuous stretch of 1466 bp of the 16S rRNA gene of strain RK1
T was obtained and this sequence was subjected to similarity searches using the Seqmatch tool of the Ribosomal Database Project (http:// rdp.cme.msu.edu/) (Cole et al., 2014) and BLASTN program (Altschul et al., 1990) . The identification of phylogenetic neighbours was initially carried out by the BLASTN (Altschul et al., 1990) program against the database containing type strains of species with validly published names and representatives of uncultured phylotypes. The top thirty sequences with the highest scores were then selected for the calculation of pairwise sequence similarity using a global alignment algorithm (Myers & Miller, 1988) , which was implemented at the EzTaxon server (http://www.ezbiocloud. net/eztaxon; Kim et al., 2012 T (94.20 %). Taxonomically characterized strains that showed more than 90 % sequence similarity were then selected for the reconstruction of a phylogenetic tree. The 16S rRNA gene sequence of Flexibacter flexilis NBRC 15060 T was used as an outgroup and the selected sequences were aligned using the program CLUSTAL X version 2.1 (Larkin et al., 2007) . Phylogenetic analysis was carried out using MEGA version 5.2.2 (Tamura et al., 2011) . The evolutionary distance matrix was calculated using the distance model of Jukes & Cantor (1969) and an evolutionary tree was reconstructed using the maximum-likelihood method. Statistical evaluation of the tree topology based on 1000 resamplings was performed using the bootstrap option in MEGA version 5.2.2 ( Fig. 1) . Strain RK1
T falls in the clade containing members exclusively belonging to the genus Parapedobacter.
The cell morphology of strain RK1
T was examined by using a scanning electron microscope (JSM-6610LV; JEOL) at University Science Instrumentation Centre (USIC), University of Delhi, Delhi, India. Microscopic study revealed the absence of flagella, indicating that strain RK1
T is non-motile. This was further confirmed by the gliding motility test of the organism in fresh LB broth culture using the hanging drop method (Bowman et al., 2003) . 
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Colonies of strain RK1 T showed optimal growth at 37 u C on LB agar as well as R-2A Agar (HIMEDIA), Ref M962B-500G. Colonies were yellow, circular and smooth. The Gram-stain test was performed using a Gram staining kit (HiMedia) and the strain was found to be Gram-stain-negative. Antibiotic sensitivity tests were performed by using Kirby-Bauer antibiotic testing (KB testing or disc diffusion antibiotic sensitivity testing) (Bauer et al., 1966) at 37 u C on MullerHinton agar (HiMedia) using antibiotic sensitivity discs (HiMedia) with varying amounts of antibiotics. The antibiotics (mg antibiotic per disc in parentheses) tested were amikacin (30), ampicillin (10), chloramphenicol (30), ciprofloxacin (5), gentamicin (10), kanamycin (30), nalidixic acid (30), penicillin-G (10), rifampicin (5), tetracycline (30), vancomycin (30) and oxytetracycline (30). Oxidase activity was tested using oxidase reagent from HiMedia. Catalase activity was tested by adding 3 % (v/v) hydrogen peroxide solution to colonies grown on LB agar (McCarthy & Cross, 1984) . Other physiological and biochemical properties were determined with API 20NE and API50CH systems (bioMérieux) according to the manufacturer's instructions (Table 1) .
Growth of strain RK1
T was examined at 4, 15, 20, 28, 37, 42 and 45 u C in LB broth (pH 7.4) ( Table 1) . For determination of the pH range for growth, strain RK1 T was cultured in LB media at 37 u C, after adjusting the pH (pH after autoclaving shown in parentheses) to pH 3.0 (3.1), 4.1 (3.9), 5.0 (4.8), 6.0 (6.4), 6.5 (6.42), 7.0 (6.85), 7.5 (7.23), 8.0 (7.61), 8.5 (8.21), 9.0 (8.9), 10.0 (9.5) or 11.0 (10.1) with 1 M HCl or 5 M NaOH (Table 1) . Cell growth was determined by measuring the OD 600 . NaCl tolerance was measured in LB broth supplemented with 0-7 % (w/v) NaCl at intervals of 1 %. The DNA G+C content of strain RK1
T was calculated by the method described by Gonzalez & Saiz-Jimenez (2002) using an Applied Biosystems 7500 Real-Time Thermocycler located at the Department of Zoology, University of Delhi, Delhi, India.
Fatty acid methyl ester analysis was carried out at Royal Life Sciences, Secundarabad, India. Standardization of the physiological age of cells of strain RK1
T was based on the protocol (http://www.microbialid.com/PDF/TechNote_101. pdf) given by the Sherlock Microbial Identification System (MIDI). Strain RK1 T was grown on trypticase soy broth agar (TSBA) (HiMedia) for 24 h and then fatty acid methyl esters were analysed from two to four loops of inoculum scraped from the third quadrant of a Petri dish and subjected to saponification, methylation and extraction using the methods of Miller (1982) and Kuykendall et al. (1988) . The fatty acid methyl ester mixtures were separated using the Sherlock Microbial Identification System and identification of the fatty acids was made using the Aerobe TSBA 60 version 6.0 B database (MIDI). The predominant fatty acids of strain RK1
T were iso-C 15 : 0 , summed feature 3, iso-C 17 : 0 3-OH, summed feature 9, iso-C 15 : 0 3-OH and C 16 : 0 (Table  2) . The fatty acid profile of strain RK1
T revealed qualitative and quantitative differences compared with the profile of the closely related strain Parapedobacter koreensis Jip14 T , further suggesting that strain RK1
Polar lipid analysis of strain RK1
T was performed by twodimensional TLC as described by Bligh & Dyer (1959) . Total polar lipids were detected by spraying with 5 % (w/v) premulin dissolved in acetone followed by visualizing under UV light. Major polar lipids present in strain RK1
T were phosphatidylethanolamine and sphingolipid (Fig. S1 , available in the online Supplementary Material).
Quinones were extracted from 200 mg dry cell mass with a 10 % aqueous solution of 0.3 % (w/v) NaCl in methanol and petroleum ether (60-80 u C boiling point) at a ratio of 1 : 1. The upper phase was collected and dried in a rotavapor (Buchi). The residue was dissolved in 100 ml acetone (Merck). The extract was loaded on a TLC plate (Silica gel 60 F 254 , 20620 cm; Merck) using petroleum ether (60-80 u C boiling point) and diethyl ether (85 : 15, v/v) . Purified menaquinone MK-7 was dissolved in diethyl ether and analysed by reverse-phase TLC according to the method of Collins et al. (1977) . Bacterial polyamines were extracted as described by Busse & Auling (1988) and analysed by onedimensional TLC. Ten microlitres of extracted sample was loaded onto a TLC plate (Silica gel 60 F254, 20620 cm; Merck) with ethyl acetate/cyclohexane as running solvent. For the detection of polyamines, the TLC plate was allowed to air-dry, after which it was visualized under UV light. Polyamines were identified by comparing R f values by using commercially prepared standards. Homospermidine was detected as the major polyamine.
Description of Parapedobacter indicus sp. nov.
Parapedobacter indicus (in9di.cus. L. masc. adj. indicus Indian, referring to the isolation of the type strain from India).
Cells are Gram-stain-negative, non-motile, catalase-and oxidase-positive, 0.6-0.7 mm in length and 0.2-0.3 mm in diameter. Optimal growth occurs on LB and R2A agar. Colonies are yellow, smooth, circular, convex and appear after 48 h of incubation. Growth occurs at 20-45 uC (optimal at 37 u C), pH 7-9 (optimal at pH 7.5) and in the presence of 0-4 % (w/v) NaCl. Hydrolyses aesculin and urea, is unable to hydrolyse gelatin but produces b-galactosidase. Assimilates Dglucose, D-fructose, D-galactose, D-mannose, D-arabinose, Larabinose, L-xylose and turanose. Reduction of nitrate to nitrite is positive, whereas reduction of nitrate to nitrogen (denitrification) is negative. Sensitive to oxytetracycline, rifampicin, ciprofloxacin, tetracycline, nalidixic acid, gentamicin, polymyxin-B, chloramphenicol and vancomycin, but resistant to ampicillin, kanamycin, penicillin-G and amikacin. Major polar lipids are phosphatidylethanolamine and a sphingolipid. The major respiratory quinone is MK-7 and homospermidine is the only polyamine detected. Major fatty acids are iso-C 15 : 0 , summed feature 3 consisting of C 16 : 1 v7c/ C 16 : 1 v6c, iso-C 17 : 0 3-OH, summed feature 9 consisting of 10-methyl C 16 : 0 /iso-C 17 : 1 v9c, iso-C 15 : 0 3-OH and C 16 : 0 . T ; 2, Parapedobacter koreensis JIP14 T (data from this study); 3, Parapedobacter pyrenivorans P-4 T (Zhao et al., 2013) ; 4, Parapedobacter soli DCY14 T (Kim et al., 2008) ; 5,
Parapedobacter composti 4M40 T (Kim et al., 2010; Zhao et al., 2013) ; 6, Parapedobacter luteus 4M29 T (Kim et al., 2010; Zhao et al., 2013) . All strains are positive for catalase as well as oxidase and assimilation of D-glucose and D-mannose. All strains are negative for reduction of nitrate to nitrogen (no data for Parapedobacter pyrenivorans P-4 T ). +, Positive; 2, negative; ND, no data available. The type strain, RK1
T (5DSM 28470 T 5MCC 2546 T ), was isolated from a HCH-contaminated soil sample collected at Ummari village, Lucknow, India. The DNA G+C content of this strain is 44.5 mol%. Although isolated from HCHcontaminated soil, strain RK1
T is unable to degrade HCH isomers. 11.0 8.8 10.0 7.1 --*Summed features are groups of two or three fatty acids that could not be separated by GLC with the Microbial Identification System (MIDI). Summed feature 3 comprised C 16 : 1 v7c and/or C 16 : 1 v6c, whereas summed feature 9 comprised 10-methyl C 16 : 0 and/or iso-C 17 : 1 v9c.
Characterization of Parapedobacter indicus sp. nov.
